a2 United States Patent

US009286546B2

(10) Patent No.: US 9,286,546 B2

O’Malley et al. (45) Date of Patent: Mar. 15, 2016
(54) IDENTIFYING LABELS FOR IMAGE (56) References Cited
COLLECTIONS
U.S. PATENT DOCUMENTS
(71) Applicant: Google Inc., Mountain View, CA (US) 7.903,882 B2 3/2011 Nagasaka
7,970,240 B1* 6/2011 Chaoetal. ..o 382/305
. ) 0 Vi 2012/0106854 Al* 5/2012 Tangetal. ... ... 382/224
(72)  Inventors: (SSZI)I gxﬂlféxguﬁﬁsglegesc‘é N 2014/0093174 Al* 42014 Zhangetal. ... 382/190
(US), ’ ECICS OTHER PUBLICATIONS
Jia, Jimin, Nenghai Yu, and Xian-Sheng Hua. “Annotating personal
(73) Assignee: Google Inc., Mountain View, CA (US) albums via web mining” Proceedings of the 16th ACM international
conference on Multimedia. ACM, 2008.*
(*) Notice: Subject to any disclaimer, the term of this * cited b .
patent is extended or adjusted under 35 ciied by examiner
U.S.C. 154(b) by 229 days. Primary Examiner — Andrew Moyer
(74) Attorney, Agent, or Firm — Fish & Richardson P.C.
(21) Appl. No.: 13/838,108 (57) ABSTRACT
) Methods, systems, and apparatus for identifying labels for
(22) Filed: Mar. 15, 2013 image collections are presented. In one aspect, a method
includes obtaining a collection of images; obtaining, for each
(65) Prior Publication Data image in the collection of images, image similarity data that
indicates a measure of similarity of the image to other images
US 20150169952 Al Jun. 18, 2015 in the collection of images; generating, based on the similar-
ity data, two or more image clusters from the collection of
51) Inmt.CL images, each image cluster including one or more images
g g g g2
GO6K 9/62 (2006.01) from the collection of images; for each image cluster: obtain-
GO6F 17/30 (2006.01) ing, for each image in the image cluster, a set of image labels;
(52) U.S.CL generating, from each set of image labels obtained for each
CPC ... GO6K 9/6255 (2013.01); GOGF 17/30244 image in the image cluster, a set of cluster labels; selecting
(2013.01) one or more cluster labels from the set of cluster labels; and
(58) Field of Classification Search identifying the selected cluster labels as a set of collection

CPC it GO6K 9/00684
See application file for complete search history.

labels for the collection of images.

17 Claims, 5 Drawing Sheets

5 300
Collection Page X Another Page  xNB
lé > ﬁ [jﬁ?'hllp://www.example.mm/imagecollection.htm | | 4 ] Dv ;" v
My Image Collection Suggested Collection Labels:  Label 1, Label 2 <5~ 306 Suggested Images A
Aj 304
Suggested
302 z Image 1 Image 2 Image 3 Image 4 308 _(A Image 1
b
Image 5 Image 6 Image 7 Image 8 an?ggztgd -
Image 9 Image 10 Image 11 Image 12 Slun?ggeztgd
Comments 310 1‘ Suggested Collections
Friend

Great picture collection!

Suggested
Collection 1




U.S. Patent Mar. 15, 2016 Sheet 1 of 5 US 9,286,546 B2

100 'Q

104 ZA 106 1
‘ User
Web Sites Device(s) U

Resource(s)
108

| |
| T S —— Image |
| Imagse Stlmrganty Management e — — — )l Search System
| }ﬁg System | 110
' — 112 |
| X |
| |
: h 4 : A 4
| | Image Label |
| System image Data | | Index
: 114 118 : e
| |
T TR !

120

FIG. 1



US 9,286,546 B2

Sheet 2 of 5

Mar. 15, 2016

U.S. Patent

¢ Old

80¢
) ===~
188 _ Wies ||
LORoBYOD LA sosniy [
y I
_ _
_ H _
— | ¢ _
AR _ |
WBYSAS _ |
suwsbeueyy c®S |,
obew || seenio A"
_ _
_ _
N es |
| | Jesmo !

_
— ]

|— = = =7
|—— —— = N abew
_
uoneboibiby |« 1 W emsni)
_ [
_ [ J
L
° _ H
H _ :
_ an vl ¢ abew|
o welshg wajshs
uoyebe.Bby _ g s8Ny fAyrepuig sbew, 1aqe] aBew
_
“ Z abeuy
uonebeibby le— | soisn|o
_
L — — —_
b
NSN Mgm o




US 9,286,546 B2

Sheet 3 of 5

Mar. 15, 2016

U.S. Patent

M ¢0e

€ 9Old
@
| uonssjod
pajsebbng
{U0N99]100 2Inyoid Jesls)
pusii4
SUON29[[0) pajsabbng AJr ol SUSUNIO]
¢ abew
po1sebbng Z1 abeuw| || obew 01 abew| 6 @beuw|
Z obew|
. pa1sebBng g abew| J obeuw| g abew G abeuw|
A
| sbeuwl AJ! 80¢ obe obe obe obe
pajsebbng W ¥ sbeuw € obew| Z obew | obeuw
¥0¢
U Sabeul] pajsabbng 00¢ > ZPQe‘TIPE]  S[9qeT] UOHDa|0) Palsabbng Uo198[]0) bW Ay
w
A s* al] H < _ Wy uonoajoosBewyioo sjdwexs mmmdpy _M«@ G u a
O\X__abed Jaylouy WX abied uojoa)jod /|

XOO
oomw



U.S. Patent

400 ‘Z‘

Mar. 15, 2016 Sheet 4 of 5

Obtain a collection of images

US 9,286,546 B2

j 402

'

Obtain, for each image in the collection of images,
image similarity data

404

l

Generate, based on the similarity data, two or more
image clusters from the collection of images

406

'

For each image cluster, obtain a set of image labels

j’ 408

l

For each image cluster, generate a set of cluster
labels

)’410

'

For each image cluster, select one or more cluster
labels from the set of cluster labels

5412

'

Identify the selected cluster labels as a set of
collection labels for the collection of images

j414

FIG. 4



U.S. Patent

500 z

Mar. 15, 2016

Sheet 5 of 5

Processor

10

550

Storage
Device

930

Input/Output

560

US 9,286,546 B2

Input/Cutput
Devices

——

FIG. 5




US 9,286,546 B2

1
IDENTIFYING LABELS FOR IMAGE
COLLECTIONS

BACKGROUND

This specification relates to identifying labels for image
collections.

The Internet has enabled access to a wide variety of
resources, e.g., video and/or audio files, images, web pages
for particular subjects, news articles, etc. Access to these
resources has likewise enabled opportunities for an internet
user to aggregate resources of interest to the user. For
example, auser may be interested in collecting images related
to the user’s dream home. Some web sites enable a user to
gather resources of interest to the user into a collection that
can be viewed by the user and potentially shared with other
users.

SUMMARY

This specification describes technologies relating to mak-
ing recommendations based on labels identified for image
collections.

In general, one innovative aspect of the subject matter
described in this specification can be embodied in methods
that include the actions of obtaining a collection of images;
obtaining, for each image in the collection of images, image
similarity data that indicates a measure of similarity of the
image to other images in the collection of images; generating,
based on the similarity data, two or more image clusters from
the collection of images, each image cluster including one or
more images from the collection of images; for each image
cluster: obtaining, for each image in the image cluster, a set of
image labels; generating, from each set of image labels
obtained for each image in the image cluster, a set of cluster
labels; selecting one or more cluster labels from the set of
cluster labels; and identifying the selected cluster labels as a
set of collection labels for the collection of images. Other
embodiments of this aspect include corresponding systems,
apparatus, and computer programs, configured to perform the
actions of the methods, encoded on computer storage devices.

These and other embodiments can each optionally include
one or more of the following features. The method may fur-
ther include providing the set of collection labels to a user
device for display in association with the collection of
images.

The method may further include identifying one or more
candidate images based on the set of collection labels, each
candidate image being different from each image in the col-
lection of images; and providing data specifying one or more
candidate images to a user device for display in association
with the collection of images.

Identifying one or more candidate images may include:
providing one or more of the collection labels to an image
search apparatus; obtaining result images from the image
search apparatus; and identifying one or more of the result
images as candidate images.

The method may further include identifying one or more
suggested collections based on the set of collection labels,
each suggested collection being different from the collection
of images; and providing data specifying one or more sug-
gested collections to a user device for display in association
with the collection of images.

Identifying one or more suggested collections may
include: obtaining, for each of a plurality of candidate collec-
tions, a corresponding candidate set of collection labels;
obtaining, for each candidate set of collection labels, set
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similarity data that indicates a measure of similarity of the
candidate set of collection labels to the set of collection
labels; selecting, based on the set similarity data of the can-
didate sets of collection labels, one or more candidate collec-
tions; and identifying the selected candidate collections as
suggested collections.

Each image label included in the set of image labels may
have a respective confidence score that is a measure of con-
fidence that the image label accurately describes the content
depicted in the image; and the set of cluster labels may be
generated based on the respective confidence scores of the
image labels included in each set of image labels for each
image in the image cluster.

Each image in the collection of images may be included in
only one of the image clusters.

Particular embodiments of the subject matter described in
this specification can be implemented so as to realize one or
more of the following advantages. Image collection labels
may be used to identify and categorize topics for image col-
lections. Labels may be suggested to users as labels thata user
may wish to have associated with the user’s collection of
images. Images that are similar to images in a collection may
be identified using collection labels, and these images may be
presented to a user as images that a user may wish to include
in the user’s collection, satisfying an informational need of
the user. In addition, similar collections may be identified and
suggested to a user as image collections that may be of inter-
est to the user. Other resources may be suggested to auser that
are likely to interest the user based on the user’s image col-
lection, further satisfying the user’s informational need.

The details of one or more embodiments of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an example environment in
which recommendations are provided for image collections.

FIG. 2 is a block diagram of an example data flow for
identifying labels for a collection of images.

FIG. 3 is an example environment displaying recommen-
dations for a collection of images.

FIG. 4 is a flow diagram of an example process for identi-
fying labels for a collection of images.

FIG. 5 is a block diagram of an example data processing
apparatus.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

An image management system identifies labels for collec-
tions of images. Collection labels may be used, for example,
to identify a topic for the collection, related images for the
collection, and/or similar collections. For example, a user
may organize a collection of images using an image manage-
ment system. The image management system may suggest
relevant topics to label the collection of images. The image
management system may also suggest images to be added to
the user’s collection, or similar image collections that may be
of interest to the user. The systems and methods disclosed
herein facilitate the identification of labels for the collection
of images.
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For each image in a collection of images, image similarity
data is obtained that indicates which images are similar to
which other images in the collection. Based on the similarity
data, image clusters are generated for the collection, and each
image cluster includes images from the collection that are
similar to one another. For example, a collection of images for
a dream home may include images of living rooms, kitchens,
dining rooms, and bathrooms. The image similarity data indi-
cates which of the images are similar to one another, and
generates clusters to include the images. Example clusters
may include a living room cluster for images of living rooms,
a kitchen cluster for images of kitchens, and so on.

Image labels are obtained for each image in a cluster. For
example, image labels for an image in the living room cluster
may include “living room,” “family room,” and “living room
furniture.” From the image labels of each image in a cluster, a
set of cluster labels is generated for the cluster. For example,
if there are five images in the living room cluster, each of the
image labels obtained for each of those five images may be
included in a set of cluster labels. From the set of cluster
labels, one or more cluster labels are selected. For example,
the cluster labels may be ranked according to confidence
scores associated with the cluster labels, and the top two
labels may be selected. The selected cluster labels for each
cluster are identified as collection labels for the collection of
images. For example, a set of labels for the dream home
collection may include the top two labels from each image
cluster, e.g., “living room,” and “living room furniture” from
the living room cluster, “bedroom,” and “bedroom set” from
the bedroom cluster, and so on.

Collection labels may be used for a variety of purposes. For
example, the labels may be provided to a user as a suggestion
for labeling the collection. The collection labels may also be
provided to an image search system that identifies images that
can be provided to the user as suggested images to be added
to the collection. In another example, the collection labels
may be used to identify similar image collections, and the
similar image collections may be provided to the user for the
user to browse.

FIG. 1 is a block diagram of an example environment 100
in which recommendations are provided for image collec-
tions. A computer network 102, such as a local area network
(LAN), wide area network (WAN), the Internet, or a combi-
nation thereof, connects web sites 104, user devices 106, a
search system 110, and an image management system 112.
The online environment 100 may include many thousands of
publisher web sites 104 and user devices 106.

A website 104 includes one or more resources 108 associ-
ated with a domain name and hosted by one or more servers.
An example website is a collection of web pages formatted in
hypertext markup language (HTML) that can contain text,
images, multimedia content, and programming elements,
such as scripts. Each website 104 is maintained by a content
publisher, which is an entity that controls, manages and/or
owns the website 104.

A resource 108 is any data that can be provided by a
publisher over the network 102 and that is associated with a
resource address. Resources include HTML pages, word pro-
cessing documents, and portable document format (PDF)
documents, images, video, and feed sources, to name just a
few. The resources 108 can include content, such as words,
phrases, pictures, and so on, and may include embedded
information (such as meta information and hyperlinks) and/or
embedded instructions (such as scripts).

A user device 106 is an electronic device that is capable of
requesting and receiving resources 108 over the network 102.
Example user devices 106 include personal computers,
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mobile communication devices, and other devices that can
send and receive data over the network 102. A user device 106
typically includes a user application, such as a web browser,
to facilitate the sending and receiving of data over the network
102. The web browser can enable a user to display and inter-
act with text, images, videos, music and other information
typically located on a web page at a website on the world wide
web or a local area network.

To {facilitate searching of these resources 108, a search
system identifies the resources by crawling the publisher web
sites 104 and indexing the resources provided by the pub-
lisher web sites 104. The indexed and, optionally, cached
copies of the resources, may be stored in index 116.

The user devices 106 submit search queries to the search
system 110. In response to the search request, the search
system 110 uses the index 116 to identify resources that are
relevant to the queries. For example, the search system 110
may identify the resources in the form of search results and
return the search results to user devices 106 in a search results
page resource. A search result is data generated by the search
system 110 that identifies a resource that satisfies a particular
search query, and includes a resource locator for the resource.
An example search result can include a web page title, a
snippet of text extracted from the web page, an image, and/or
the URL of the web page.

The search results may be ranked based on scores related to
the resources identified by the search results, such as infor-
mation retrieval (“IR”) scores, and optionally a separate rank-
ing of each resource relative to other resources (e.g., an
authority score). The search results are ordered according to
these scores and provided to the user device according to the
order.

The search system 110 may also generate search queries
for which search results are generated. For example, the
search system 110 can receive a search query that includes an
image. The search system 110 can then determine one or more
image labels that have been identified as relevant to the image,
and use one or more of the image labels as a search query to
receive search results relevant to the image.

An image label is data that is indicative of subject matter to
which an image is relevant. Labels can be explicitly specified
by a publisher of a web site 104 on which the image appears.
Labels can also be generated, for example, based on text that
appears near the image on the web page. For example, a label
can be generated for an image based on text that is located
adjacent to, e.g., within a threshold number of pixels of, the
image or in a portion of a document that is identified as
containing information relevant to the image, e.g., a frame in
which the image is presented. A label can also be generated
based on text that is included in the image, e.g., visually
depicted in the image, or otherwise associated with the image,
e.g., text included in a file name, text included in anchor text
of'alink to the image, or resource location of the image. Other
appropriate ways of determining image labels can also be
used.

An image label system 114 is a data processing apparatus
that can generate labels for images. The image label system
114 can receive an image as input and return one or more
labels that describe a topic of, or are otherwise semantically
related to, the image. In some implementations, the image
label system 114 can identify a label that is semantically
related to an image based on data describing the image and/or
data indicating which labels are semantically related to the
image. Furthermore, in some implementations, image label
system 114 can identify a label that is semantically related to
an image based on data associating visual features of images
with labels. For example, the image label system 114 can
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provide the image to an image relevance model that has been
created for a particular label to determine the degree to which
the image is relevant to the particular label. When the image
relevance model receives an image as input, the image rel-
evance model can output a relevance score indicating the
degree to which the input image is related to the particular
label corresponding to the image relevance model. Other
appropriate ways of determining image labels can also be
used.

The example environment 100 also includes an image
similarity system 116. The image similarity system 116 can
receive an image as input and identify other images that are
similar to the image. The image similarity system 116 can
also receive a collection of images as input and generate
similarity data that identifies, for each image, how similar that
image is to each other image in the collection. In some imple-
mentations, images can be identified as visually similar if the
images have similar sets of visual features, such as similar
colors, brightness, shapes, edge locations, and/or other simi-
lar attributes. For example, images of a sunrise will likely
share similar colors, e.g., of a sky at sunrise, and shapes, e.g.,
of a sun appearing on the horizon. In some implementations,
images can be identified as similar to one another if they have
similar image labels. For example, image similarity between
two images may be determined based on a number of match-
ing image labels for the images. As another example, image
similarity between two images may be determined based on a
textual edit distance between one or more labels of a first
image and one or more labels of a second image.

Using the image label system 114 and image similarity
system 116, the image management system 112 identifies
labels for collections of images. A collection of images
includes two or more images that have been logically identi-
fied as part of a “collection.” For example, a user may select
multiple images and organize them in a single user-generated
collection of images. The image management system 112 can
suggest labels for association with collections of images. As
with an image label, a collection label is data that is indicative
of subject matter to which a collection is relevant. In some
implementations, the image management system 112 uses
collection labels and the search system 110 to identify images
that can be suggested to users as images that are similar to
images of the collection. The image management system 112
may also use collection labels to identify other collections
that are similar to a particular collection and suggest the
similar collections as collections of interest for a user associ-
ated with the particular collection. The operations performed
by the image management system 112 are described in further
detail below.

Image collections, image similarity data, and image labels,
may be stored in the image data 118 data store. While the
image management system 112 is depicted as a system that is
separate from the image similarity system 116 and image
label system 114, in some implementations each system may
be combined in a single system 120.

FIG. 2 is a block diagram of an example data flow 200 for
identifying labels for a collection of images 202. The data
flow 200 identifies a list of collection labels for a single image
collection 202.

Each image in a collection of images 202 is provided to the
image label system 114. The image label system 114 provides
a set of image labels for each image. The image labels, as
described above, are data that is indicative of subject matter to
which an image is relevant, such as a semantic description. In
some implementations, each image label has a respective
confidence score that is a measure of confidence that the
image label accurately describes the content depicted in the
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image. For example, image labels and corresponding confi-
dence scores, on a scale of 0.0 to 1.0, produced for an image
of a kitchen may be as follows:

Label Confidence
Kitchen 0.85
Kitchen appliances 0.51
Cooking 0.09

The foregoing indicates that, for the example kitchen
image, the image labeling system 114 has a high confidence
(0.85) that the image is an image of a kitchen, a moderate
confidence (0.51) that the image is an image of kitchen appli-
ances, and a low confidence (0.09) that the image is an image
of cooking.

The labeled images in the collection of images 202 are
provided to the image similarity system 116. The image simi-
larity system 116 generates, for each image in the collection
202, image similarity data that indicates a measure of simi-
larity of the image to other images in the collection 202. For
example, the collection 202 may include images depicting
various rooms of various homes, a number of images ofhome
furniture, and images of home electronics and appliances.
Image similarity data for an image of a sofa may indicate a
relatively high measure of similarity to an image of a living
room that includes a sofa but a relatively low measure of
similarity to an image of a kitchen sink. Similarly, image
similarity data for an image of a kitchen may indicate a
relatively high measure of similarity to the image of a kitchen
sink but a relatively low measure of similarity to an image of
a big-screen television.

In some implementations, image similarity is determined
based on images’ content feature values, e.g., values indica-
tive of visual features of an image and/or other image fea-
tures. The content feature values can be extracted for each
image represented in an image collection. The content feature
values can be transformed into a sparse representation using
apre-computed dictionary of visual terms that represent a set
of regions having similar content feature values. The extrac-
tion and transformation yields a “bag of features” for an
image. Generally, the content feature values of an image
quantitatively represent visual features of the image. Because
the content feature values are represented as numerical val-
ues, a mathematical calculation can be performed to deter-
mine a measure of similarity between content feature values
of two images. Other techniques may also be used to deter-
mine a measure of similarity between images.

Image clusters 204 are generated using the image similar-
ity data. Images may be clustered by the image similarity
system 116 or the image management system 112 by com-
paring the image similarity data of each image in the collec-
tion 202. For example, two images having content feature
values meeting a threshold degree of similarity can be clus-
tered together. The threshold may vary depending on how
similar the images of a collection are to one another and the
size of the collection. Three very similar images may, in one
collection, be part of the same cluster, while in another col-
lection they may be in different clusters. Clustering may be
done by any suitable method, such as hierarchical agglom-
erative clustering or K means clustering.

By way of example, assume a collection of images consists
of three images—one of a kitchen, one of a living room, and
one of a bedroom. Each image may not be similar enough to
either of the other two to be clustered together with any of
them, and three separate clusters are the result. However, if
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the collection also included an image of a sink and another
image of a bedroom, then the images of the sink and the
kitchen may be clustered together, and the images of the
bedroom may be clustered together based on the similarity of
visual features.

In the example data flow 200, the example collection 202
may be clustered by room type. For example, Cluster 1 may
include images of kitchens and images of kitchen appliances
and fixtures, while Cluster 2 may include images of living
rooms and living room furniture and electronics, and so on. In
some implementations, each image in a collection of images
may only be included in one of the image clusters while, in
another implementation, an image may be included in mul-
tiple image clusters.

For each image cluster, a set of cluster labels is generated.
Each set of cluster labels is generated from the sets of image
labels obtained for each image in the cluster. In some imple-
mentations, the set of cluster labels for an image cluster
includes the n image labels with the highest confidence
scores. In another implementation, the set of cluster labels
may include the top m image labels for each image in the
cluster. Duplicate image labels may be moved, for example—
only the highest scoring duplicate image label may beused, or
anaverage or median score for a duplicate image label may be
used.

In some implementations, the number of times an image
label appears for the images of a cluster may be used to select
cluster labels. For example, if the label, “kitchen appliances,”
is the label most often included in a set of image labels for
images in an image cluster, ‘“kitchen appliances” may be the
top cluster label in the corresponding set of cluster labels. In
the example data flow 200, this method of generating cluster
labels is depicted by “aggregation” processes 205 performed,
for example, by the image management system 112. Various
other methods may be used for ranking and/or selecting the
image labels to be included in the set of cluster labels for a
cluster.

The image management system 112 selects at least one
cluster label from the sets of cluster labels 206. In some
implementations, the image management system 112 selects
from each cluster set in a round-robin fashion until a certain
number of cluster labels have been selected. In some imple-
mentations, a threshold may be used—such as a threshold
number of labels, or a threshold confidence score that must be
met for a cluster label to be selected. For example, the image
management system 112 may select the top two scoring clus-
ter labels from each of the cluster sets 206.

The selected cluster labels are identified by the image
management system 112 as a set of collection labels 208 for
the collection of images 202. In some implementations, the
collection set 208 is ranked according to confidence scores
associated with the labels. In some implementations, the col-
lection list is ranked using confidence scores in a round-robin
fashion according to the clusters from which each of the
labels were obtained. For example, assume the following
labels, organized by source cluster and shown with label
confidence scores, were identified as collection labels:

Cluster 1

Kitchen
Kitchen Cabinets

0.97
0.82
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Cluster 2
Living Room 0.92
Family Room 0.89
Cluster 3
Bedroom Furniture 0.94
Bedroom 0.91

In an implementation where collection labels are ranked
according to confidence scores, the collection set may appear
as follows:

Label Confidence
Kitchen 0.97
Bedroom Furniture 0.94
Living Room 0.92
Bedroom 0.91
Family Room 0.89
Kitchen Cabinets 0.82

Any suitable method may be used to select, rank, and/or
organize collection labels. Collection labels may be stored in
a data store and updated from time to time. For example, the
collection labels may be updated any time a user adds or
removes an image to the collection, or after a certain number
of images have been added or removed. In some implemen-
tations, the collection labels may be used to provide various
recommendations to the user associated with the collection.

FIG. 3 is an example environment 300 displaying recom-
mendations for a collection of images 304. The example
environment 300 depicts an image collection resource 302
rendered in a web browser of a user device.

In some implementations, at least one of the collection
labels may be provided to a user device for display in asso-
ciation with the corresponding image collection. For
example, collection labels may be displayed in a collection
resource as suggested labels 306 for the collection of images.
The particular collection labels displayed may be chosen by
any suitable method, such as choosing x of the top-ranked
collection labels. In some implementations, user selection of
a suggested label causes the label to become associated with
the image collection. For example, selection of a label may
change the name of the collection to the label and/or may
cause an association of the label with the collection to be
stored in an image data store.

In some implementations, the image management system
112 may suggest images, e.g., images 308, to be added to a
user’s image collection. For example, the image management
system 112 may provide at least one of the collection labels to
an image search apparatus, such as the search system 110.
The search system may identify images that are relevant to the
collection labels and provide result images to the image man-
agement system. The image management system may then
identify one or more of the result images obtained from the
search system as candidate images, which may then be pre-
sented to a user device as suggested image.

For example, the image management system may send the
collection label “kitchen” to the search system. The search
system may identify images related to the label “kitchen,” that
are stored in a search index along with scores, such as a
relevance scores, that each indicates how relevant an image is
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to the label, “kitchen.” The image management system may
then identify y of these result images with the top relevance
scores as candidate images. Data specifying these candidate
images may then be provided to a user device, which causes
the candidate images to be displayed in the image collection
resource 302, e.g., as suggested images 308. In some imple-
mentations, a user may select a suggested image to view the
image, add the image to the collection, and/or remove the
image from the list of suggested images.

In some implementations, each candidate image is difter-
ent from each image in the collection of images. This may
help, for example, prevent duplicate images from being pre-
sented to the user as suggested images. In some implementa-
tions, result images that are duplicates or near duplicates of
images already in the collection may be identified and then
removed from consideration as candidate or suggested
images.

For example, the image similarity system 116 can be con-
figured to identify images that are near duplicate images
relative to images in a collection. In some implementations,
near duplicate images are images that are identical except for
differences in the way the images have been processed. In
some examples, the differences between two near duplicate
images are differences other than differences in visual fea-
tures of the images. As one example, two identical images at
different resolutions are near duplicate images. As another
example, two images of the same object having different
brightness, contrast, or other image attributes, e.g., image
attributes adjusted in image processing software, can be near
duplicate images. As another example, an un-cropped version
of an image and a cropped version of the same image, e.g.,
cropped to remove a border in the image, can be near dupli-
cate images. Images can be identified as near duplicate
images if they satisty a similarity threshold, e.g., a similarity
score determined by the image similarity system 116 that
exceeds a similarity threshold.

In some implementations, the image management system
112 may suggest one or more collections, e.g., collection 310,
as collections that may be of interest to a user. For example,
the image management system may identify image collec-
tions that are similar to the image collection 304 and select
one or more of the most similar image collections as sug-
gested collections. Any suitable method may be used to deter-
mine similarity between image collections.

In some implementations, the image management system
uses collection labels to determine similarity between collec-
tions. For example, the image management system may
obtain collection labels for a set of candidate collections. For
each set of collection labels, the image management system
may obtain similarity data that indicates how similar each set
of candidate collection labels is to the collection set. By way
of'example, the image management system may compare sets
of collection labels and corresponding confidence scores
using dot product comparisons of label vectors. Based on the
similarity between collection labels, one or more candidate
collections are selected and identified as suggested collec-
tions.

In some implementations, each suggested collection 310 is
different from the collection. Once a suggested image collec-
tion is identified, the image management system may provide
a user device with data that causes the suggested image col-
lection to be displayed in a collection resource. In some
implementations, a user may select a suggested collection to
view the image, add images from the suggested collection to
the collection, and/or remove the collection from the list of
suggested images.
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FIG. 4 is a flow diagram of an example process 400 for
identifying labels for a collection of images. The process 400
may be implemented by a data processing apparatus that is
configured to perform the operations described above, such as
the image management system 112.

A collection of images is obtained (402). For example, a
collection of various sports-related images may be obtained
by an image management system, where images depict vari-
ous sporting events, players, equipment, and memorabilia. In
some implementations, image labels are also obtained for
each image in the collection of images. For example, an
image label system may obtain, for each image in a collection
ofimages, a set of image labels and corresponding confidence
scores for the labels.

For each image in the collection of images, image similar-
ity data is obtained (404). In some implementations, the
image similarity data includes or is derived from image labels
that correspond to the images in the collection. Based on the
similarity data, two or more image clusters are generated
from the collection of images (406). Each image cluster
includes one or more images from the collection of images.
For example, a collection of sports images may be clustered
based on sport, where one image cluster includes images
related to baseball, while another includes images related to
basketball, and so on. The clustering may be done, for
example, by placing images with similar or matching labels
into clusters with each other.

For each image cluster, a set of image labels is obtained
(408). In some implementations, these labels are the same
labels that were included in the similarity data. From each set
of image labels obtained for each image in a cluster, a set of
cluster labels is generated (410). For example, labels obtained
for images in the baseball cluster may include “baseball,”
“baseball bat,” “baseball team,” “baseball game,” “baseball
player,” etc. The most popular image labels may be used to
generate the set of cluster labels. For example, if the label
“baseball” appears most often in the cluster of baseball
images, that may be chosen as a cluster label.

For each image cluster, one or more cluster labels are
selected from the set of cluster labels (412). The selected
cluster labels are identified as a set of collection labels for the
collection of images (414). For example, the image manage-
ment system may select the most popular label from each
cluster, and identify these as a set of collection labels. The
cluster label “baseball” may be selected from the baseball
cluster, while the cluster label “basketball” may be selected
from the basketball cluster, and so on. The collection labels
may be used for a variety of purposes, e.g., to store as labels
associated with the collection, to identify images that are
similar to those in the image collection, and to identify similar
collections.

FIG. 5 is a block diagram of an example data processing
apparatus 500. The system 500 includes a processor 510, a
memory 520, astorage device 530, and an input/output device
540. Each of the components 510, 520, 530, and 540 can, for
example, be interconnected using a system bus 550. The
processor 510 is capable of processing instructions for execu-
tion within the system 500. In one implementation, the pro-
cessor 510 is a single-threaded processor. In another imple-
mentation, the processor 510 is a multi-threaded processor.
The processor 510 is capable of processing instructions
stored in the memory 520 or on the storage device 530.

The memory 520 stores information within the system 500.
In one implementation, the memory 520 is a computer-read-
able medium. In one implementation, the memory 520 is a
volatile memory unit. In another implementation, the
memory 520 is a non-volatile memory unit.



US 9,286,546 B2

11

The storage device 530 is capable of providing mass stor-
age for the system 500. In one implementation, the storage
device 530 is a computer-readable medium. In various difter-
ent implementations, the storage device 530 can, for example,
include a hard disk device, an optical disk device, or some
other large capacity storage device.

The input/output device 540 provides input/output opera-
tions for the system 500. In one implementation, the input/
output device 540 can include one or more network interface
devices, e.g., an Ethernet card, a serial communication
device, e.g., an RS-232 port, and/or a wireless interface
device, e.g., an 802.11 card. In another implementation, the
input/output device can include driver devices configured to
receive input data and send output data to other input/output
devices, e.g., keyboard, printer and display devices 560.
Other implementations, however, can also be used, such as
mobile computing devices, mobile communication devices,
set-top box television client devices, etc.

Embodiments of the subject matter and the operations
described in this specification can be implemented in digital
electronic circuitry, or in computer software, firmware, or
hardware, including the structures disclosed in this specifica-
tion and their structural equivalents, or in combinations of one
or more of them. Embodiments of the subject matter
described in this specification can be implemented as one or
more computer programs, i.e., one or more modules of com-
puter program instructions, encoded on computer storage
medium for execution by, or to control the operation of, data
processing apparatus.

A computer storage medium can be, or be included in, a
computer-readable storage device, a computer-readable stor-
age substrate, a random or serial access memory array or
device, or a combination of one or more of them. Moreover,
while a computer storage medium is not a propagated signal,
a computer storage medium can be a source or destination of
computer program instructions encoded in an artificially-
generated propagated signal. The computer storage medium
can also be, or be included in, one or more separate physical
components or media (e.g., multiple CDs, disks, or other
storage devices).

The operations described in this specification can be imple-
mented as operations performed by a data processing appa-
ratus on data stored on one or more computer-readable stor-
age devices or received from other sources.

The term “data processing apparatus”™ encompasses all
kinds of apparatus, devices, and machines for processing
data, including by way of example a programmable proces-
sor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing. The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field program-
mable gate array) or an ASIC (application-specific integrated
circuit). The apparatus can also include, in addition to hard-
ware, code that creates an execution environment for the
computer program in question, e.g., code that constitutes
processor firmware, a protocol stack, a database management
system, an operating system, a cross-platform runtime envi-
ronment, a virtual machine, or a combination of one or more
of them. The apparatus and execution environment can real-
ize various different computing model infrastructures, such
as web services, distributed computing and grid computing
infrastructures.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or inter-
preted languages, declarative or procedural languages, and it
can be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, object, or
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other unit suitable for use in a computing environment. A
computer program may, but need not, correspond to a filein a
file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program in question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub-programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

The processes and logic flows described in this specifica-
tion can be performed by one or more programmable proces-
sors executing one or more computer programs to perform
actions by operating on input data and generating output. The
processes and logic flows can also be performed by, and
apparatus can also be implemented as, special purpose logic
circuitry, e.g., a FPGA (field programmable gate array) or an
ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing actions in accor-
dance with instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices for
storing data, e.g., magnetic, magneto-optical disks, or optical
disks. However, a computer need not have such devices.
Moreover, a computer can be embedded in another device,
e.g., amobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global Posi-
tioning System (GPS) receiver, or a portable storage device
(e.g., auniversal serial bus (USB) flash drive), to name just a
few. Devices suitable for storing computer program instruc-
tions and data include all forms of non-volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM,
and flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated in, special purpose
logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described in this specification can be imple-
mented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor,
for displaying information to the user and a keyboard and a
pointing device, e.g., amouse or a trackball, by which the user
can provide input to the computer. Other kinds of devices can
be used to provide for interaction with a user as well; for
example, feedback provided to the user can be any form of
sensory feedback, e.g., visual feedback, auditory feedback, or
tactile feedback; and input from the user can be received in
any form, including acoustic, speech, or tactile input. In addi-
tion, a computer can interact with a user by sending docu-
ments to and receiving documents from a device that is used
by the user; for example, by sending web pages to a web
browser on a user’s user device in response to requests
received from the web browser.

Embodiments of the subject matter described in this speci-
fication can be implemented in a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application server,
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or that includes a front-end component, e.g., a user computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
subject matter described in this specification, or any combi-
nation of one or more such back-end, middleware, or front-
end components. The components of the system can be inter-
connected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(“LAN”) and a wide area network (“WAN), an inter-network
(e.g., the Internet), and peer-to-peer networks (e.g., ad hoc
peer-to-peer networks).

The computing system can include users and servers. A
user and server are generally remote from each other and
typically interact through a communication network. The
relationship of user and server arises by virtue of computer
programs running on the respective computers and having a
user-server relationship to each other. In some embodiments,
a server transmits data (e.g., an HTML page) to a user device
(e.g., for purposes of displaying data to and receiving user
input from a user interacting with the user device). Data
generated at the user device (e.g., a result of the user interac-
tion) can be received from the user device at the server.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any inventions or of what may be claimed, but
rather as descriptions of features specific to particular
embodiments of particular inventions. Certain features that
are described in this specification in the context of separate
embodiments can also be implemented in combination in a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation in all embodiments,
and it should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged into multiple software
products.

Thus, particular embodiments of the subject matter have
been described. Other embodiments are within the scope of
the following claims. In some cases, the actions recited in the
claims can be performed in a different order and still achieve
desirable results. In addition, the processes depicted in the
accompanying figures do not necessarily require the particu-
lar order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel
processing may be advantageous.

What is claimed is:

1. A method comprising:

obtaining a collection of images;

obtaining, for each image in the collection of images,
image similarity data that indicates a measure of simi-

10

15

20

25

30

35

40

45

50

55

60

14

larity of content depicted in the image to content
depicted in other images in the collection of images;

generating, based on the similarity data, two or more image
clusters from the collection of images, each image clus-
ter including one or more images from the collection of
images;

for each image cluster:

obtaining, for each image in the image cluster, a set of
image labels;

generating, from each set of image labels obtained for
each image in the image cluster, a set of cluster labels;

selecting one or more cluster labels from the set of
cluster labels;

identifying the selected cluster labels as a set of collection

labels for the collection of images;

identifying one or more suggested image collections based

on the set of collection labels, each of the suggested

image collections being different from the collection of

images, wherein the identifying the one or more sug-

gested image collections includes,

obtaining, for each of a plurality of candidate image
collections, a corresponding candidate set of collec-
tion labels;

obtaining, for each candidate set of collection labels, set
similarity data that indicates a measure of similarity
of the candidate set of collection labels to the set of
collection labels;

selecting, based on the set similarity data of the candi-
date sets of collection labels, one or more candidate
image collections; and

identifying the selected candidate image collections as
suggested image collections;

receiving, from a user device, a selection of one or more

suggested image collections to include with the collec-
tion of images; and

providing, to the user device, the selected one or more

suggested image collections to be displayed along with
the collection of images.

2. The method of claim 1, further comprising:

providing the set of collection labels to a user device for

display in association with the collection of images.
3. The method of claim 1, further comprising:
identifying one or more candidate images based on the set
of collection labels, each candidate image being differ-
ent from each image in the collection of images; and

providing data specifying one or more candidate images to
a user device for display in association with the collec-
tion of images.

4. The method of claim 3, wherein identifying one or more
candidate images comprises:

providing one or more of the collection labels to an image

search apparatus;

obtaining result images from the image search apparatus;

and

identifying one or more of the result images as candidate

images.

5. The method of claim 1, wherein the selected one or more
suggested image collections are added to the collection of
images.

6. The method of claim 1, wherein each image label
included in the set of image labels has a respective confidence
score that is a measure of confidence that the image label
accurately describes the content depicted in the image; and

wherein the set of cluster labels is generated based on the

respective confidence scores of the image labels
included in each set of image labels for each image in the
image cluster.
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7. The method of claim 1, wherein each image in the
collection of images is included in only one of the image
clusters.

8. A system comprising:

a data processing apparatus; and

a data store storing instructions that, when executed by the

data processing apparatus, cause the data processing
apparatus to perform operations comprising:
obtaining a collection of images;
obtaining, for each image in the collection of images,
image similarity data that indicates a measure of simi-
larity of content depicted in the image to content
depicted in other images in the collection of images;

generating, based on the similarity data, two or more image
clusters from the collection of images, each image clus-
ter including one or more images from the collection of
images;

for each image cluster:

obtaining, for each image in the image cluster, a set of
image labels;

generating, from each set of image labels obtained for
each image in the image cluster, a set of cluster labels;

selecting one or more cluster labels from the set of
cluster labels;

identifying the selected cluster labels as a set of collection

labels for the collection of images;

identifying one or more suggested image collections based

on the set of collection labels, each of the suggested

image collections being different from the collection of

images, wherein the identifying the one or more sug-

gested image collections includes,

obtaining, for each of a plurality of candidate image
collections, a corresponding candidate set of collec-
tion labels;

obtaining, for each candidate set of collection labels, set
similarity data that indicates a measure of similarity
of the candidate set of collection labels to the set of
collection labels;

selecting, based on the set similarity data of the candi-
date sets of collection labels, one or more candidate
image collections; and

identifying the selected candidate image collections as
suggested image collections;

receiving from a user device, a selection of one or more

suggested image collections to include with the collec-
tion of images; and

providing, to the user device, the selected one or more

suggested image collections to be displayed along with
the collection of images.

9. The system of claim 8, wherein the operations further
comprise:

providing the set of collection labels to a user device for

display in association with the collection of images.
10. The system of claim 8, wherein the operations further
comprise:
identifying one or more candidate images based on the set
of collection labels, each candidate image being differ-
ent from each image in the collection of images; and

providing data specifying one or more candidate images to
a user device for display in association with the collec-
tion of images.

11. The system of claim 10, wherein identifying one or
more candidate images comprises:

providing one or more of the collection labels to an image

search apparatus;

obtaining result images from the image search apparatus;

and
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identifying one or more of the result images as candidate

images.

12. The system of claim 8, wherein the selected one or
more suggested image collections are added to the collection

5 of images.

13. A non-transitory computer readable medium compris-
ing instructions that, when executed by a data processing
apparatus, cause the data processing apparatus to perform
operations comprising:

10 obtaining a collection of images;
obtaining, for each image in the collection of images,
image similarity data that indicates a measure of simi-
larity of content depicted in the image to content
15 depicted in other images in the collection of images;

generating, based on the similarity data, two or more image
clusters from the collection of images, each image clus-
ter including one or more images from the collection of
images;
20 for each image cluster:
obtaining, for each image in the image cluster, a set of
image labels;
generating, from each set of image labels obtained for
each image in the image cluster, a set of cluster labels;
25 selecting one or more cluster labels from the set of
cluster labels;
identifying the selected cluster labels as a set of collection
labels for the collection of images;
identifying one or more suggested image collections based
30 on the set of collection labels, each of the suggested
image collections being different from the collection of
images, wherein the identifying the one or more sug-
gested image collections includes,
obtaining, for each of a plurality of candidate image
35 collections, a corresponding candidate set of collec-
tion labels;
obtaining, for each candidate set of collection labels, set
similarity data that indicates a measure of similarity
of the candidate set of collection labels to the set of
40 collection labels;
selecting, based on the set similarity data of the candi-
date sets of collection labels, one or more candidate
image collections; and
identifying the selected candidate image collections as
45 suggested image collections;
receiving, from a user device, a selection of one or more
suggested image collections to include with the collec-
tion of images; and
providing, to the user device, the selected one or more
50 suggested image collections to be displayed along with
the collection of images.
14. The computer readable medium of claim 13, wherein
the operations further comprise:
providing the set of collection labels to a user device for
55 display in association with the collection of images.
15. The computer readable medium of claim 13, wherein
the operations further comprise:
identifying one or more candidate images based on the set
of collection labels, each candidate image being differ-
60 ent from each image in the collection of images; and
providing data specifying one or more candidate images to
a user device for display in association with the collec-
tion of images.
16. The computer readable medium of claim 15, wherein
65 identifying one or more candidate images comprises:
providing one or more of the collection labels to an image
search apparatus;
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obtaining result images from the image search apparatus;
and
identifying one or more of the result images as candidate
images.
17. The computer readable medium of claim 13, wherein 5
the selected one or more suggested image collections are
added to the collection of images.
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